Purpose This study aimed to evaluate the racial and ethnic disparities in the incidence of gastric cancer and their temporal trends in the United States.
Introduction
Gastric cancer is the fifth commonest type of malignancy worldwide with an estimated nearly one million new cases occurring globally each year [1] . Gastric cancer varies greatly in epidemiology and risk factors across anatomic subsites [2] [3] [4] . Non-cardia gastric cancer accounts for the majority of all gastric cancer cases. Helicobacter pylori infection is a major risk factor for non-cardia gastric cancer, but it does not increase the risk of cardia gastric cancer. On the other hand, obesity and gastroesophageal reflux disease have been consistently associated with increased risk of cardia gastric cancer but not non-cardia gastric cancer [2, 3] .
Marked racial and ethnic disparities have been noted in the incidence of gastric cancer, and the patterns of disparity seem also varying between cardia and non-cardia gastric cancers [5, 6] . In the United States, the incidence of gastric cancer in total is higher in Asian Americans than in other racial groups, while the incidence of cardia gastric cancers was higher in whites, particularly in men [5] [6] [7] . However, the temporal trends in the incidence of gastric cancer across racial and ethnic groups have not been updated recently. Moreover, health disparity is a complex conception and is heavily related to the specific disparity indicators used when measuring such disparity. However, the racial and ethnic disparities in gastric cancer have not been measured thoroughly.
Using data from the Surveillance, Epidemiology, and End Results (SEER) Program, we aimed to characterize the racial and ethnic disparities in the incidence of gastric cancer by anatomic subsite, i.e., cardia and non-cardia gastric cancers, in the United States during a period of over 20 years. Multiple disparity measures were used for evaluating different aspects of such disparity.
Materials and Methods

Data sources
We extract data on incident cases of gastric cancer (topography code C16 according to the International Classification of Diseases for Oncology, 3rd edition [ICD-O-3]) and population data during the period 1992-2014 from the SEER database in the United States, using the SEER*Stat ver. 8.3.4 [8] . Data were extracted from the November 2016 submission of the SEER 13 registries database, which included data from the 13 cancer registries in the United States, namely Atlanta, Connecticut, Detroit, Hawaii, Iowa, New Mexico, San Francisco-Oakland, Seattle-Puget Sound, Utah, Los Angeles, San Jose-Monterey, Rural Georgia, and the Alaska Native Tumor Registry. The SEER 13 registries database has contained expanded data according to categories of race and ethnicity since the year 1992. The SEER 13 registries database covers approximately 13.4% of the total population in the United States.
Statistical analysis
We categorized all participants into the following five racial/ethnic groups: non-Hispanic whites, Hispanic whites, blacks, Asian and Pacific Islanders, and other specified. We calculated the annual age-standardized incidence rates by sex and racial/ethnic group using the United States Standard Population in 2000 as the reference. We estimated the average annual percentage change (AAPC) and the corresponding 95% confidence interval (CI) in the age-standardized incidence rate using log-linear regressions, under the assumption that the rate changed at a constant percentage ever year during the study period.
We measured the racial/ethnic disparities in the incidence of gastric cancer using the following six health disparity indicators which measure different aspects of the disparity: range difference (RD), between group variance (BGV), range ratio (RR), index of disparity (IDisp), mean log deviation (MLD), and Theil index (T). Among these indicators, RD and BGV measure the absolute difference in the incidence between social groups, while the remaining four are measures on the relative scale. RD, RR, and IDisp do not account for population sizes of different racial/ethnic groups, while the other three measures are weighted by the population size of each group. The detailed characteristics of these disparity measures can be found in the supplementary material (S1 Table) and elsewhere [9] [10] [11] . We calculated these disparity measures by sex and calendar year and percentage change since 1992 in these measures for each calendar year. We performed Joinpoint regression identify any changing points of the temporal trends in these disparity measures and to estimate the annual percent change in each segment of time period. The AAPC was also computed as a summary measure of the trend over the whole study period.
The age-standardized incidence rates were calculated for total gastric cancer, and for cardia gastric cancer (ICD-O-3 code C16.0) and non-cardia gastric cancer (ICD-O-3 codes C16.1-C16.6) separately. The disparity measures were calculated for total gastric cancer and non-cardia gastric cancer separately, but not for cardia gastric cancer due to small number of cases of cardia gastric cancer stratified by racial/ ethnic group. All statistical analyses were performed using the Joinpoint Regression Program ver. 4.4.0.0 and Health Disparities Calculator (HD*Calc) ver. 1.2.4, both of which were developed by the National Institute of Cancer of the United States [11, 12] .
Results
Incidence trends by racial/ethnic group
This study included a total of 72,748 patients with newly diagnosed gastric cancer, identified from the SEER 13 registries during 1992-2014, among which 43,975 (60%) were males and 28,773 (40%) were females. Table 1 presents the age-standardized incidence rates of gastric cancer by sex and anatomic subsite for each racial/ethnic group and the AAPCs in the rates during the study period. The sex-specific annual incidence rates in the four major racial/ethnic groups are plotted in Fig. 1 .
In 1992, the age-standardized incidence rate of total gastric cancer was the highest in Asian and Pacific Islanders, followed by blacks and Hispanic whites, and the lowest in nonHispanic whites, in both sexes. The rate decreased steadily in all racial/ethnic groups, regardless of sex, from 1992 to 2014. The decrease was steeper in Asian and Pacific Islanders (on average by 3% per year in both sexes) compared with that in other groups. In 2014, the rate remained lower in nonHispanic whites and similarly higher in other groups, regardless of sex.
The incidence rate of cardia gastric cancer in men was higher in non-Hispanic whites and similarly lower in other racial/ethnic groups, while the rate in women was lower than 2/100,000 person-years in all groups throughout the study period. The incidence rate of cardia gastric cancer remained relatively stable over time, except for a slight decrease in Hispanic white men (AAPC, -1.5; 95% CI, -2.7 to -0.4). The incidence rate of non-cardia gastric cancer showed similar pattern as that of total gastric cancer in both sexes. Table 2 presents the absolute and relative measures of racial and ethnic disparity in the incidence of total gastric cancer and non-cardia gastric cancer by sex in the beginning and ending calendar years, and the percent changes in these measures during the study period. The percent changes since Cancer Res Treat. 2019;51(2):519-529 Table 3 presents results from Joinpoint regression on these racial and ethnic disparity measures by sex.
Racial and ethnic disparities in total gastric cancer
The absolute disparity measures RD and BGV for the incidence of total gastric cancer decreased during the study period in both sexes ( Figs. 2A and 3A) . The RD for total gastric cancer decreased on average by 4.1% per year in men and by 2.6% per year in women from 1992 to 2014 (Table 3 ). The BGV for total gastric cancer decreased on average by 5.6% per year in men and by 3.4% per year in women during the observation period.
The relative disparity measures for total gastric cancer in men decreased over the entire study period, which was how- ever slighter compared with the decrease in absolute disparity measures (Fig. 2C) . The RR and IDisp for total gastric cancer in men decreased at constant rates during the study period. On the other hand, the T for total gastric cancer in men remained stable from 1992 to 2007 and decreased on average by 6.6% per year from 2007 to 2014, and the decrease in MLD started from 2008 onwards, on average by 3.4% per year ( Table 3 ). The relative disparity measures for total gastric cancer in women remained relatively stable during the study period, except for a slight decrease in RR by 0.8% per year (Table 3 , Fig. 3C ).
Racial and ethnic disparities in non-cardia gastric cancer
The absolute disparity measures RD and BGV for the incidence of non-cardia gastric cancer steadily decreased over time in both sexes (Figs. 2B and 3B) , which was in similar patterns as for total gastric cancer. The relative disparity measures for the incidence of non-cardia gastric cancer remained relatively stable during the study period in both sexes, except for a slight decrease in RR on average by 0.6% per year in women (Table 3 , Fig. 3D ).
Discussion
We measured the racial and ethnic disparities in the incidence of gastric cancer, based on a variety of disparity measures, during a period of over 20 years from 1992 to 2014 in the United States. The incidence rate of non-cardia gastric cancer decreased in all racial/ethnic groups, and the decrease was steeper in Asian and Pacific Islanders than in the other Table 3 . Joinpoint regression on racial and ethnic disparity measures of the incidence of total gastric cancer and non-cardia gastric cancer by sex in the United States, 1992-2014 APC, annual percent change; CI, confidence interval; AAPC, average annual percent change.
groups. On the other hand, the incidence rate of cardia gastric remained relatively stable over time in virtually all racial /ethnic groups, except for a slight decrease in Hispanic white men. We observed steadily decreased racial and ethnic disparities in the incidence of gastric cancer over time as measured on the absolute scale, which was mainly driven by the reduced disparities in the incidence of non-cardia gastric cancer. The relative-scale measures for the racial and ethnic disparities in the incidence of gastric cancer generally remained stable over the entire study period, but showed a seemingly decrease in recent years in men.
We observed substantially higher incidence of non-cardia gastric cancer in Asian and Pacific Islanders relative to other racial/ethnic groups, which is in line with previous studies [5, 6] . The higher risk of non-cardia gastric cancer in Asian American than in other racial/ethnic groups may be partly explained by a historically higher prevalence of H. pylori infection [13] [14] [15] . Nevertheless, the observed racial/ethnic disparities in the incidence of non-cardia gastric cancer contradict with historic differences in the prevalence of tobacco smoking and alcohol consumption across racial/ethnic groups, i.e., a substantially lower prevalence of smoking in Asian American and higher prevalence of alcohol consumption in whites [16, 17] . The incidence of non-cardia gastric cancer decreased over time in all racial/ethnic groups, corresponding to the declining prevalence of H. pylori infection and tobacco smoking in all racial/ethnic groups in the United States [16] [17] [18] . However, the magnitude of decline in the incidence of non-cardia gastric cancer and the prevalence of H. pylori infection and smoking might not exactly correlate with each other according to racial/ethnic group. For example, the smoking prevalence has decreased more dramatically in Asian and Hispanic Americans than in blacks and non-Hispanic whites [16, 17] , while our results showed that the decrease in non-cardia gastric cancer incidence was slightly steeper in non-Hispanic whites and Asian Americans than in the other groups. Some other risk factors, including dietary factors, and interactions between risk factors might also have contributed to the observed racial and ethnic disparities in the incidence of non-cardia gastric cancer [2, 3] .
Cardia gastric cancer may share some risk factors with esophageal adenocarcinoma, including obesity and gastroesophageal reflux disease [19] [20] [21] . Particularly, abdominal obesity other than general obesity has been suggested to be an important risk factor for esophageal adenocarcinoma and cardia gastric cancer [22] . Smoking seems a moderate risk factor for cardia gastric cancer, while H. pylori infection dose not increase the risk of cardia gastric cancer [2, 3] . We did not observe distinct racial and ethnic disparities in the incidence of cardia gastric cancer, except for a higher risk in white men than in men of other racial/ethnic groups. The higher risk in white men may be explained by the higher prevalence of abdominal obesity and reflux in white men compared with other groups [23] [24] [25] [26] . In contrast to an increasing incidence of esophageal adenocarcinoma in the United States [9, 21] , we did not observe any increase in the incidence of cardia gastric cancer. However, any conclusion regarding the temporal trend in the incidence of cardia gastric cancer cannot be drawn considering potential misclassification of these two types of cancer.
To our knowledge, this study is the most comprehensive assessment of the racial and ethnic disparities in the incidence of gastric cancer in the American population. We used a variety of health disparity measures which take into account different aspects of measuring health disparity, including indicators on both relative and absolute scales and treating individuals and groups equally [10, 11, 27] . The absolute disparity measures provide information on the absolute gap in the disease burden across racial/ethnic groups, while the relative disparity measures may be more relevant in etiology. Our findings suggest a significant decrease in the absolute gap in the incidence of gastric cancer across racial/ethnic groups in the United States. Although these are not merely specific to gastric cancer, achieving health equity, eliminating disparities, and improving the health of all groups have been set as one of the overarching goals in Healthy People 2010 and Healthy People 2020 programs in the United States [28] . The decreased absolute racial and ethnic disparities in gastric cancer observed in this study is no doubt supporting evidence for the success of such public health strategies in the United States, and continued efforts to eliminating health disparity in the specific context of gastric cancer would be encouraged. On the other hand, the relative disparity measures had remained relatively stable over time as compared with absolute measures, indicating that substantial changes in the risk factor profiles of gastric cancer are less likely to have occurred in the American population. The disparity measures weighted by population sizes of racial/ethnic groups and those unweighted measures generally showed similar results, indicating that the results were not dominated by any racial/ethnic group of large size. Considering the complex conception of health disparity, interpretation of the results should be made taking into account all these disparity measures and the specific question to be answered in practice [11, 29] .
Several limitations in the present study warrant discussion. First, we only used data from the SEER13 cancer registries because expanded categories of racial/ethnic groups are available in these registries for a long period. Therefore, findings presented in this study may not be simply generalized to the total population of the United States. Second, due to the limited number of cases in each racial/ethnic group, we were unable to calculate the disparity measures by calendar year and perform Joinpoint regression for the incidence car-dia gastric cancer. Third, considering the limited incidence of gastric cancer of histology other than adenocarcinoma and the substantial missing in histological type, we could not perform stratified analyses by histological type. Last, because the SEER database does not contain information on risk factors, we could not direct evaluate how the observed disparities in the incidence of gastric cancer could be explained by the major risk factors in the study population.
In conclusion, this comprehensive assessment of the racial and disparity in the incidence of gastric cancer in the United States demonstrates a steady decrease in such disparities over time, particularly as measured on the absolute scale. Such decrease was mainly driven by the reduced disparities in the incidence of non-cardia gastric cancer and may be attributable to the decreasing prevalence of H. pylori infection in the population which was more rapid in Asian Americans.
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